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Abstract 

Introduction: Identifying ankylosing spondylitis (AS) patients who are likely to benefit from tumor necrosis factor- 
alpha (TNF-a) blocking therapy is important, especially in view of the costs and potential side effects of these 
agents. Recently, the AS Disease Activity Score (ASDAS) has been developed to assess both subjective and 
objective aspects of AS disease activity. However, data about the predictive value of the ASDAS with respect to 
clinical response to TNF-a blocking therapy are lacking. The aim of the present study was to identify baseline 
predictors of response and discontinuation of TNF-a blocking therapy in AS patients in daily clinical practice. 

Methods: AS outpatients who started TNF-a blocking therapy were included in the Groningen Leeuwarden 
Ankylosing Spondylitis (GLAS) study, an ongoing prospective longitudinal observational cohort study with follow- 
up visits according to a fixed protocol. For the present analysis, patients were excluded if they had previously 
received anti-TNF-a treatment. Predictor analyses of response and treatment discontinuation were performed using 
logistic and Cox regression models, respectively. 

Results: Between November 2004 and April 2010, 220 patients started treatment with infliximab (n = 32), 
etanercept (n = 137), or adalimumab (n = 51). At three and six months, 68% and 63% of patients were 
Assessments in Ankylosing Spondylitis (ASAS)20 responders, 49% and 46% ASAS40 responders, and 49% and 50% 
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)50 responders, respectively. Baseline predictors of 
response were younger age, male gender, higher ASDAS score, higher erythrocyte sedimentation rate (ESR) level, 
higher C-reactive protein (CRP) level, presence of peripheral arthritis, higher patient's global assessment of disease 
activity, and lower modified Schober test. In August 2010, 64% of patients were still using their TNF-a blocking 
agent with a median follow-up of 33.1 months (range 2.4 to 68.2). Baseline predictors of discontinuation of TNF-a 
blocking therapy were female gender, absence of peripheral arthritis, higher BASDAI, lower ESR level, and lower 
CRP level. 

Conclusions: Besides younger age and male gender, objective variables such as higher inflammatory markers or 
ASDAS score were identified as independent baseline predictors of response and/or continuation of TNF-a 
blocking therapy. In contrast, higher baseline BASDAI score was independently associated with treatment 
discontinuation. Based on these results, it seems clinically relevant to include more objective variables in the 
evaluation of anti-TNF-a treatment. 
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Introduction 

Randomized controlled trials (RCTs) have demonstrated 
that the tumor necrosis factor alpha (TNF-a) blocking 
agents infliximab, etanercept, and adalimumab are effec- 
tive in the treatment of Ankylosing Spondylitis (AS). 
However, a significant proportion of patients has to 
withdraw from TNF-a blocking therapy due to ineffi- 
cacy or adverse events [1-3]. Identifying patients who 
are likely to benefit from TNF-a blocking therapy is 
important, especially in view of the costs and potential 
side effects of these agents. 

Several studies using clinical data from RCTs have 
focused on the identification of predictors of response 
to anti-TNF-a treatment in AS [4-6]. However, many 
patients who are treated with TNF-a blocking therapy 
in daily clinical practice would have been excluded in 
RCTs. Until now, three population based registries have 
investigated predictors of response and/or continuation 
of TNF-a blocking therapy. These registries showed that 
raised inflammatory markers, lower Bath Ankylosing 
Spondylitis Functional Index (BASFI), and younger age 
at baseUne were associated with cUnical response [7,8], 
whereas male gender, raised inflammatory markers, low 
visual analogue scale (VAS) fatigue, and presence of per- 
ipheral arthritis were baseline predictors of longer drug 
survival [7,9]. 

Disease activity in AS encompasses a wide range of 
concepts and is therefore difficult to measure. Recently, 
the Ankylosing Spondylitis Disease Activity Score 
(ASDAS) has been developed [10,11]. This new index is 
a composite score of patient-reported measures and 
acute phase reactants developed in order to capture 
both subjective and objective aspects of AS disease 
activity. Currently, information about the predictive 
value of the ASDAS with respect to response to TNF-a 
blocking therapy or drug survival is lacking due to the 
absence of ASDAS data in previous studies. The aim of 
the present study was to identify baseline predictors of 
response and discontinuation of TNF-a blocking ther- 
apy in AS patients in daily clinical practice. 

Materials and methods 

Patients 

Since 2004 AS outpatients with active disease, who 
started treatment with the TNF-a blocking agents inflix- 
imab, etanercept, or adalimumab at the Medical Center 
Leeuwarden (MCL) and the University Medical Center 
Groningen (UMCG), were included in the Groningen 
Leeuwarden Ankylosing Spondylitis (GLAS) study, an 
ongoing prospective longitudinal observational cohort 
study with follow-up visits according to a fixed protocol. 
All patients were over 18 years of age, fulfilled the mod- 
ified New York criteria for AS or the Assessments in 
Ankylosing Spondylitis (ASAS) criteria for axial 



spondyloarthritis including MRI [12], and started anti- 
TNF-a treatment because of active disease according to 
the ASAS consensus statement [13]. For the present 
analysis, patients were excluded if they had previously 
received anti-TNF-a treatment. Infliximab (5 mg/kg) 
was given intravenously at zero, two and six weeks and 
then every eight weeks. In case of inadequate response, 
the frequency of infliximab treatment was raised to 
every six weeks. Etanercept was administered as a sub- 
cutaneous injection once (50 mg) or twice (25 mg) a 
week. Adalimumab (40 mg) was administered as a sub- 
cutaneous injection on alternate weeks. In the first years 
of this study, patients were treated with either infliximab 
or etanercept since adalimumab was only registered in 
the Netherlands since 2006. The choice of the TNF-a 
blocking agent was based on the judgment of the treat- 
ing rheumatologist (chiefly) and/or the specific prefer- 
ence of the patient. Patients were allowed to receive 
concomitant medication as usual in daily clinical prac- 
tice. The study was approved by the local ethics com- 
mittees of the UMCG and MCL and all patients 
provided written informed consent according to the 
Declaration of Helsinki to participate in this study. 

Clinical assessments 

Patients were evaluated at baseline, after three and six 
months of anti-TNF-a treatment, and then every six 
months. Disease activity was assessed using the Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI; 
on a scale of 0 to 10) [14], physician's and patient's glo- 
bal assessment of disease activity (GDA; on a scale of 0 
to 10), erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), and ASDAS calculated from BASDAI 
questions 2, 3, and 6, patient's GDA, and CRP [10,11]. 
Physical function was assessed using BASFI (on a scale 
of 0 to 10) [15]. Spinal mobility assessments included 
chest expansion, modified Schober test, occiput to wall 
distance, and lateral lumbar flexion (left and right). Per- 
ipheral arthritis was defined as at least one swollen joint 
(excluding the hip) at baseline. 

Response 

At every visit, continuation of treatment was based on a 
decrease in BASDAI, amounting to at least 50% (BAS- 
DAI50 response) or two units compared with baseUne, 
and/or expert opinion in favor of treatment continua- 
tion. The ASAS20 and ASAS40 response criteria have 
been developed for defining treatment response in clini- 
cal trials. ASAS20 response was defined as an improve- 
ment of at least 20% and absolute improvement of at 
least one unit (on a scale of 0 to 10) compared with 
baseline in three or more of the four domains: physical 
function (BASFI), pain, patient's GDA, and inflammation 
(mean from BASDAI questions 5 and 6), with no 
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worsening by more than 20% in the remaining domain. 
ASAS40 response was defined as an improvement of at 
least 40% and an absolute improvement of at least two 
units compared with baseline in three or more of the 
four domains, with no worsening at all in the remaining 
domain [12,16]. In the present analysis, the ASAS20, 
ASAS40, and BASDAI50 response criteria were used to 
define treatment response. Patients who did not respond 
to TNF-a blocking therapy in the first three months 
were classified as primary non-responders and patients 
who lost their initial clinical response as secondary non- 
responders. 

Antibody assessment 

Antibodies to TNF-a blocking agents were measured in 
patients who discontinued infliximab or adalimumab 
treatment due to inefficacy. Antibodies were detected by 
radioimmunoassay (RIA) as described in detail previously 
[17,18]. The assay measures specific high-avidity IgG 
antibodies to infliximab or adalimumab by an antigen- 
binding test. In short, serum (1 (il/test) was pre-incu- 
bated with Sepharose-immobilized protein A (1 mg/test; 
Pharmacia, Uppsala, Sweden) in Freeze buffer (Sanquin, 
Amsterdam, The Netherlands). Non-bound serum com- 
ponents were removed by washing before 50 [i\ ^^^I-radi- 
olabeled F(ab)'2 fragment of infliximab or adalimumab 
was added. After overnight incubation, non-bound radi- 
olabel was washed away and Sepharose-bound radioactiv- 
ity was measured. Test results were converted into 
arbitrary units per milliliter (AU/ml) by comparison with 
dilutions of a reference serum. The reference value was 
set at 12 AU/ml, as derived from 100 healthy donors. 

Statistical analysis 

Statistical analysis was performed with SPSS 16.0 soft- 
ware (SPSS, Chicago, IL, USA). Results were expressed 
as mean ± SD or median (range) for normally and non- 
normally distributed data, respectively. The Independent 
Samples T test and Mann- Whitney U test were used to 
compare differences between groups. The Chi-Square 
test and Fisher Exact test were used to compare percen- 
tages between groups. Predictor analyses of ASAS20, 
ASAS40, and BASDAI50 response (yes/no) were per- 
formed using binary logistic regression. Predictor analy- 
sis of time to discontinuation of TNF-a blocking 
therapy (yes/no) was performed using Cox regression. 
Multivariate analysis was performed with conditional 
stepwise forward inclusion of predictors that had a P- 
value <0.3 in the univariate analysis. P-values < 0.05 
were considered statistically significant. 

Results 

Between November 2004 and April 2010, a total of 220 
patients (MCL: n = 163; UMCG: n = 57) started 



treatment with a first TNF-a blocking agent; 32 receiv- 
ing infliximab, 137 etanercept, and 51 adalimumab. 
Mean age of all patients was 42.9 years (SD ± 11.9), 
median disease duration was 15 years (range 1 to 53), 
and 69% were male. The three treatment groups were 
comparable for age, gender, HLA-B27 status, BASDAI, 
ASDAS, patient's GDA, CRP, ESR, concomitant medica- 
tion, and presence of peripheral arthritis at baseline. In 
the infliximab group, time since diagnosis was signifi- 
cantly longer, the percentage of patients with a history 
of inflammatory bowel disease (IBD) was significantly 
higher, and occiput to wall distance was significantly lar- 
ger compared to the etanercept and adalimumab groups. 
In the adalimumab group, the percentage of patients 
with a history of uveitis and physician s GDA were sig- 
nificantly lower and chest expansion was significantly 
higher compared to the infliximab and/or etanercept 
group (Table 1). 

ASAS20 response 

The percentage of ASAS20 responders to TNF-a block- 
ing therapy was 68% and 63% at three and six months, 
respectively. No significant differences were found in the 
percentage of ASAS20 responders between the three 
TNF-a blocking agents at three or six months {P = 
0.297 and P = 0.128, respectively) (Table 2). 

Results of univariate and multivariate logistic regres- 
sion analysis for ASAS20 response at three and six 
months of anti-TNF-a treatment are presented in 
Tables 3 and 4, respectively. Male gender (OR: 2.166) 
was identified as a significant baseline predictor of 
ASAS20 response in univariate logistic regression analy- 
sis. Therefore, variables that significantly differed 
between men and women at baseline were included in 
multivariate analysis: age, patient's GDA, ESR, chest 
expansion, and occiput to wall distance. Multivariate 
logistic regression analysis showed that younger age 
(OR: 0.972), male gender (OR: 3.151), and higher ESR 
level (OR: 1.023) or alternatively, higher CRP level (OR: 
1.024) or higher ASDAS score (OR: 1.728), were inde- 
pendent baseline predictors of ASAS20 response at 
three months of anti-TNF-a treatment (Table 3). 

At six months of anti-TNF-a treatment, younger age 
(OR: 0.960), male gender (OR: 2.991), and higher 
ASDAS score (OR: 1.573) or alternatively, presence of 
peripheral arthritis (OR: 2.518) and higher patient's 
GDA (OR: 1.173), were independent baseline predictors 
of ASAS20 response (Table 4). 

ASAS40 response 

The percentage of ASAS40 responders to TNF-a block- 
ing therapy was 49% and 46% at three and six months, 
respectively. No significant differences were found in the 
percentage of responders between the three TNF-a 
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Table 1 Baseline characteristics of the AS study population 





Total 


IFX 


ETA 


ADA 


— : 

Number of patients 


zzU 


bZ 


1 

1 b/ 


1 

b 1 


Age (yrs) 


/lO O -I- 1 1 o 

4z.y ± 1 1 .y 


/ICQ _i_ 1 n 1 
4b. o ± 1 U. 1 


/1 1 o _i_ ^ ^ 
4 1 .y ± 1 1 .0 


/I Q 7 -I- 1 Q Q 
4b./ ± 1 b.b 


Gender (male) (n, %) 


1 52 (69) 


20 (63) 


96 (70) 


36 (71) 


Duration of symptoms (yrs) 


lb (1 to bbj 


Z 1 U to 49) 


1 r /I 4-^ A -7\ 

lb (1 to 4/j 


II (, 1 to bbj 


Time since diagnosis (yrs) 


/ (U to 4b j 


Id iU to bbj 


7 /n -1-,^ A A\ 

/ [(J to 44j 


o iU to 4bj 


|_|| A DT7 1 Cl/\ 

HLA-DZ/+ (n, %) 


1/4 (o 1 j 


24 (75) 


1 no ^o'^^ 
1 (Jo (,OZj 


42 (82) 


History ot IdU (n, toJ 


zu (yj 


Q ^"^^^4- 
o UDjT 


/ (bj 


A IQ\ 

4 (bj 


History of uveitis (n, %) 


64 (29) 


1 3 (40) 


44 (32) 


7 l^ A\A- 

1 (14jT 


History of psoriasis (n, %) 


lb (b) 


b (yj 


o [0) 


lb (6j 


Peripheral arthritis (n, %) 


b/ \ 


b iloj 


11 UUj 


n n^i 
b ilUj 


Lurrent NoAIU use (n, toJ 


\ bo i/zj 


z4 (/bj 


1 Uz Ubj 


bz (bbj 


Lurrent uiviaku use (n, toj 


4b UIJ 


1 U (b 1 j 


zo UUj 


7 ^^ A\ 
/ ( I4j 


dAoUAI (range u to lUj 


6.1 ± 1 .7 


6.1 ± 1 .4 


6.2 ± 1 .7 


5.9 ± 1 .7 


A CPi A C 


3.8 ± 0.8 


3.8 ± 0.6 


3.8 ± 0.8 


3.7 ± 0.9 


Physician's GDA (range 0-10) 


r /Ti 4-^ n\ 

b (0 to y) 


b (U to o) 


r /T\ -1-^ n\ 

b (0 to y) 


b (0 to yjT 


Patient's GDA (range 0 to 10) 


7 (1 to 10) 


6 (1 to 9) 


7 (1 to 10) 


6 (1 to 10) 


ESR (mm/h) 


21 (2 to 101) 


24 (2 to 90) 


20 (2 to 101) 


23 (2 to 74) 


CRP (mg/l) 


13 (2 to 99) 


15 (2 to 74) 


12 (2 to 99) 


14 (2 to 92) 


BASFI (range 0 to 10) 


6.1 (0.3 to 9.7) 


6.3 (1.9 to 9.6) 


5.9 (0.3 to 9.7) 


6.3 (0.4 to 9.5) 


Chest expansion (cm) 


3.0 (0.5 to 43.0) 


2.5 (0.5 to 7.0) 


3.0 (0.5 to 22.0) 


3.5 (0.0 to 43.0)§ 


Modified Schober test (cm) 


2.9 (0.0 to 7.0) 


2.4 (0.5 to 6.0) 


2.8 (0.1 to 7.0) 


3.2 (0.0 to 5.5) 


Occiput to wall distance (cm) 


4.9 (0.0 to 34.5) 


9.0 (0.0 to 26.0)A 


4.5 (0.0 to 34.5) 


3.5 (0.0 to 30.0) 


Lateral lumbar flexion L (cm) 


8.0 (0.0 to 30.0) 


7.0 (2.0 to 15.0) 


9.0 (0.0 to 30.0) 


8.0 (1.0 to 20.5) 


Lateral lumbar flexion R (cm) 


8.0 (0.0 to 29.0) 


8.0 (0.5 to 1 7.0) 


8.0 (0.0 to 29.0) 


7.5 (1.0 to 20.0) 



Values are mean ± SD or median (range) unless otherwise indicated. 

AS, Ankylosing Spondylitis; IFX, Infliximab; ETA, etanercept; ADA, adallmumab; HLA-B27+, human leukocyte antigen B27 positive; IBD, Inflammatory bowel disease; 
NSAID, non-steroidal anti-Inflammatory drug; DMARD, disease-modifying antirheumatic drug; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ASDAS, 
Ankylosing Spondylitis Disease Activity Score; GDA, global disease activity; ESR, erythrocyte sedimentation rate; CRP, C-reactlve protein; BASFI, Bath Ankylosing 
Spondylitis Functional Index; L, left; R, right. 

* P < 0.05 compared to ETA group and P = 0.052 compared to ADA group, 
t P < 0.05 compared to ETA group and P = 0.050 compared to ADA group. 
+ P < 0.05 compared to IFX and ETA groups. 
§ P < 0.05 compared to ETA group. 
A P < 0.05 compared to ETA and ADA groups. 

blocking agents at three or six months (P - 0.216 and P 
= 0,421, respectively) (Table 2). 

Multivariate logistic regression analysis showed that 
younger age (OR: 0.970, 95% CI: 0.946 to 0.994) was the 
only independent baseline predictor of ASAS40 response 
at three months of anti-TNF-a treatment. 

At six months of anti-TNF-a treatment, younger age 
(OR: 0.961, 95% CI: 0.935 to 0.987), male gender (OR: 
2.488, 95% CI: 1.235 to 5.014), and higher patient's 
GDA (OR: 1.258, 95% CI: 1.067 to 1.483) or alterna- 
tively, higher ASDAS score (OR: 1.721, 95% CI: 1.159 to 
2.555), were independent baseline predictors of ASAS40 
response. 

BASDAI50 response 

The percentage of BASDAI50 responders to TNF-a 
blocking therapy was 49% and 50% at three and six 
months, respectively. No significant differences were 



found in the percentage of responders between the 
three TNF-a blocking agents at three or six months {P 
= 0.358 and P = 0.866, respectively) (Table 2). 

Multivariate logistic regression analysis showed that 
younger age (OR: 0.975, 95% CI: 0.951 to 0.999), male 
gender (OR: 2.572, 95% CI: 1.346 to 4.913), and higher 
CRP level (OR: 1.025, 95% CI: 1.008 to 1.042) or alter- 
natively, higher ESR level (OR: 1.026, 95% CI: 1.009 to 
1.042), were independent baseline predictors of BAS- 
DAI50 response at three months of anti-TNF-a 
treatment. 

At six months of anti-TNF-a treatment, younger age 
(OR: 0.957, 95% CI: 0.929 to 0.985), male gender (OR: 
2.598, 95% CI: 1.302 to 5.186), presence of peripheral 
arthritis (OR: 4.991, 95% CI: 2.054 to 12.124), and lower 
modified Schober test (OR: 0.751, 95% CI: 0.610 to 
0.924) were independent baseline predictors of BAS- 
DAI50 response. 



Arends et al. Arthritis Research & Therapy 201 1, 13:R94 
http://arthritis-research.eom/content/13/3/R94 



Page 5 of 1 0 



Table 2 Response and drug survival rate In AS patients treated with TNF-a blocking therapy 





Total 


IPX 


ETA 


ADA 


Number of patients 


zzU 




1 5/ 


J 1 


ASAS20 responders at three months 


68% 


80% 


66% 


65% 


(number of patients) 


i 1 4j OT z I 4j 


iz4 OT oUj 


(QQ r\f 1 Q 

ioo OT 1 dd) 


[DD OT J 1 j 


ASAS20 responders at six months 


63% 


71 % 


66% 


51% 


(number of patients) 


/'I r^f ^^^^ 
[\dZ 0\ Z(J^) 


[ZZ OT 3 1 j 


ioD OT \d\) 


OA r\f A "7^ 

U4 OT 4/j 


ASAS40 responders at three months 


49% 


63% 


47% 


45% 


(number of patients) 


i 1 U4 Ot z 1 4j 


i 1 y OT oUj 


[OZ OT 1 DD) 


[Zd OT J I j 


ASAS40 responders at six months 


4D70 


JZTO 


4070 


3070 


(number of patients) 


I r\~i ^-f ^r\r\\ 

[97 of 209) 


(16 of 31) 


(63 of 131) 


(18 of 47) 


BASDAI50 responders at three months 


49% 


60% 


46% 


51% 


(number of patients) 


(105 of 214) 


(18 of 30) 


(61 of 133) 


(26 of 51) 


BASDAI50 responders at six months 


50% 


48% 


51% 


47% 


(number of patients) 


(104 of 209) 


(15 of 31) 


(67 of 131) 


(22 of 47) 


One-year drug survival 


71% 


76% 


72% 


65% 


(number of patients) 


(136 of 192) 


(22 of 29) 


(88 of 123) 


(26 of 40) 


Two-year drug survival 


66% 


70% 


69% 


48% 


(number of patients) 


(97 of 148) 


(19 of 27) 


(66 of 96) 


(12 of 25) 



See Table 1 for definitions. 

No statistical differences were found between treatment groups (P >0.05). 



Treatment discontinuation 

In August 2010, 141 (64%) patients were still using their 
TNF-a blocking agent with a median follow-up of 33.1 
months (range 2.4 to 68.2). The remaining 79 (36%) 
patients discontinued TNF-a blocking therapy after med- 
ian treatment duration of 7.0 months (range 0.2 to 55.6). 
Reasons for discontinuation of TNF-a blocking therapy 
were inefficacy (n = 40, 51%), adverse events {n = 21, 
27%: infection {n = 8); allergic reaction {n = 4); diarrhea 
or IBD {n = 5); cardio-vascular disease {n = 2); demyeliza- 
tion problems {n = 1); bladder cancer {n = 1)), both inef- 
ficacy and adverse events {n = 8, 10%: recurrent 
infections {n = 3); allergic reaction {n = 1); diarrhea or 
IBD {n = 2); uveitis {n = 1); malaise {n = 1)), or other rea- 
sons {n = 10, 13%: good initial response, own choice {n = 
3); pregnancy wish {n = 5); lost to follow up {n = 2)). 

Antibodies to TNF-a blocking agents were measured 
in patients who discontinued infliximab {n = 7) or adali- 
mumab {n = 14) treatment due to inefficacy. Antibody 
data were missing for one adalimumab patient. Antibo- 
dies against infliximab and adalimumab were detected 
in 5 of 7 (71%) and in 8 of 13 (62%) patients who dis- 
continued treatment due to inefficacy, respectively. In 
total, 5 of 13 (38%) patients with antibodies to TNF-a 
blocking agents were primary non-responders and 8 of 
13 (62%) patients were secondary non-responders. 

The one-year and two-year TNF-a blocking therapy 
survival rates were 71% and 66%, respectively. No signif- 
icant differences were found in one-year or two-year 
survival rates between the three TNF-a blocking agents 
{P = 0.593 and P = 0.127, respectively) (Table 2). 



Results of univariate and multivariate Cox regression 
analysis for discontinuation of anti-TNF-a treatment are 
presented in Table 5. Since female gender (HR: 0.503) 
and absence of peripheral arthritis (HR: 0.382) were sig- 
nificantly associated with treatment discontinuation in 
univariate Cox regression analysis, baseline variables 
that significantly differed between men and women (age, 
patient's GDA, ESR, chest expansion, and occiput to 
wall distance) or between patients with and without per- 
ipheral arthritis (BASDAI, ASDAS, physician's GDA, 
and CRP) were included in multivariate analysis. Multi- 
variate Cox regression analysis showed that female gen- 
der (HR: 0.406), absence of peripheral arthritis (HR: 
0.320), higher BASDAI score (HR: 1.225), and lower 
ESR level (HR: 0.983) or alternatively, lower CRP level 
(HR: 0.984), were independent baseline predictors of 
discontinuation of anti-TNF-a treatment (Table 5). 

Discussion 

In this prospective longitudinal observational cohort 
study, ASAS20 and ASAS40 response was reached by 
51% to 80% and 38% to 63% of AS patients at three to 
six months of anti-TNF-a treatment, respectively. These 
results from daily practice are in line with the findings 
in RCTs [1-3]. Although TNF-a blocking therapy is 
effective in the majority of AS patients, identifying 
patients who are likely to benefit from TNF-a blocking 
therapy is important, especially in view of the potential 
side effects and financial burden of these agents. Data 
from observational studies are necessary, since inclusion 
criteria of RCTs are very strict and, therefore, not 
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Table 3 Baseline predictors of ASAS20 response at three months of anti-TNF-a treatment 




Univariate analysis 




Multivariate analysis 




OR (95% CI) 


P-value 


OR (95% CI) P-value 


Aoe fvr)t^ 


0.982 (0.959 to 1 .006) 


0.150 


0.972 (0.947 to 0.998) 0.035 


Gender Female 


1 






Male 


2.166 (1.185 to 3.958) 


0.012 


3.151 (1.580 to 6.285) 0.001 


Duration of symptoms (yr)i" 


1.001 (0.976 to 1.028) 


0.914 




HLA-B27 Negative 


1 






Positive 


0.779 (0.363 to 1 .675) 


0.523 




Peripheral arthritis Absent 


1 






Present 


2.120 (0.876 to 5.129) 


0.096 




BASDAI (range 0 to 10)i: 


0.946 (0.793 to 1.129) 


0.538 




ASDASi: 


1 .458 (0.992 to 2.144) 


0.055 




Physician's GDA (range 0 to 10)+ 


1.122 (0.983 to 1.282) 


0.089 




Patient's GDA (range 0 to 10)i=^ 


1.029 (0.882 to 1.201) 


0.714 




ESR (mm/h)i:^ 


1.016 (1.000 to 1.032) 


0.049 


1.023 (1.005 to 1.041) 0.014 


CRP (mg/l)i= 


1.021 (1.003 to 1.040) 


0.025 




BASFI (range 0 to 10)+ 


0.939 (0.816 to 1.081) 


0.382 




Chest expansion (cm)+^ 


1.081 (0.948 to 1.233) 


0.243 




Modified Schober test (cm)+ 


1.026 (0.861 to 1.224) 


0.773 




Occiput to wall distance (cm)+^ 


0.981 (0.942 to 1.022) 


0.364 




Lateral lumbar flexion L (cm)+ 


1 .027 (0.965 to 1 .092) 


0.402 




Lateral lumbar flexion R (cm)+ 


1 .029 (0.968 to 1 .094) 


0.352 




TNF-a blocking agent ETA 


1 






IFX 


2.045 (0.780 to 5.364) 


0.146 




ADA 


0.938 (0.476 to 1 .846) 


0.852 





See Table 1 for definitions. 

OR refers to the risk of achieving ASAS20 response: t per year; t per 1 grade or 1 point. 
^ Significant difference (P < 0.05) between men and women at baseline. 

* CRP and ASDAS were not selected during forward conditional logistic regression due to the strong correlation with ESR (ESR and CRP: p - 0.669, P - 0.000; ESR 
and ASDAS: p = 0.412, P = 0.000). Although, higher CRP level (OR: 1.024, 95% CI: 1.004 to 1.044) and higher ASDAS level (OR: 1.728, 95% CI: 1.126 to 2.652) were 
also significant predictors of ASAS20 response at three months in the presence of age and gender. 
*^ The variable was not selected during multivariate regression analysis (P >0.05). 

The variable was not tested in multivariate regression analysis because of a P-value > 0.3 in univariate regression analysis and no significant difference 
between men and women at baseline. 



completely comparable to the criteria for starting TNF- 
a blocking therapy in daily clinical practice. Our finding 
that younger AS patients respond significantly better to 
anti-TNF-a treatment is in line with previous studies 
using data from RCTs and population based registries 
[5-7]. Previous studies in rheumatoid arthritis (RA) also 
found that females were less likely to achieve remission 
on anti-TNF-a treatment [19,20]. Furthermore, female 
gender was significantly associated with discontinuation 
of TNF-a blocking therapy in registries of arthritic 
rheumatic diseases [21,22] and AS [7,9]. Unfortunately, 
it is still unclear why male patients respond better to 
TNF-a blocking therapy. 

Multiple studies have shown the importance of raised 
inflammatory markers with regard to achieving clinical 
response [4-7] or treatment continuation [7]. This study 
also confirms the predictive value of high ESR or CRP 
levels. Our finding that absence of peripheral arthritis is 
associated with treatment discontinuation is in 



accordance with Kristensen et al, who reported that 
patients with peripheral arthritis are more likely to con- 
tinue TNF-a blocking therapy [9]. In the present study, 
presence of peripheral arthritis was also independently 
related to ASAS20 and BASDAI50 response at six 
months in the presence of age and gender, indicating 
that concomitant peripheral arthritis is a predictor of 
both response and continuation of anti-TNF-a 
treatment. 

Recently, the ASDAS has been developed to assess a 
broader spectrum of disease activity [10,11]. A new and 
interesting finding is that higher ASDAS score was iden- 
tified as a significant baseline predictor of ASAS20 and 
ASAS40 response to TNF-a blocking therapy in this 
study. Until now, in clinical practice, starting and conti- 
nuation TNF-a blocking therapy is mainly based on 
BASDAI response, which is solely based on the opinion 
of the patient. In this study, more objective variables 
such as higher inflammatory markers and higher 
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Table 4 Baseline predictors of ASAS20 response at six months of anti-TNF-a treatment 



Univariate analysis Multivariate analysis 

OR (95% CI) P-value OR (95% CI) P-value 
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ESR (mm/h)i:' 




1.005 (0.991 to 1.019) 


0.499 






CRP (mg/Di: 




1 .009 (0.993 to 1 .024) 


0.281 






BASFI (range 0 to 10)+ 




0.989 (0.861 to 1.135) 


0.872 






Chest expansion (cm)+^ 




1.108 (0.953 to 1.289) 


0.183 






Modified Scliober test (cm)+ 




0.900 (0.755 to 1 .074) 


0.243 






Occiput to wall distance (cm)+^ 




0.989 (0.950 to 1 .030) 


0.591 






Lateral lumbar flexion L (cm)=^ 




0.985 (0.928 to 1 .044) 


0.606 






Lateral lumbar flexion R (cm)=^ 




1.018 (0.960 to 1.079) 


0.557 






TNF-a blocking agent 


ETA 


1 










IPX 


1 .279 (0.544 to 3.008) 


0.573 








ADA 


0.546 (0.278 to 1 .076) 


0.079 







See Table 1 for definitions. 

OR refers to the risl< of achieving ASAS20 response: t per year; t per 1 grade or 1 point. 
^ Significant difference (P < 0.05) between men and women at baseline. 

* Presence of peripheral arthritis and patient's GDA were not selected during forward conditional logistic regression due to the significant difference in ASDAS 
score between patients with and without peripheral arthritis (mean 4.2 vs. 3.7, P - 0.001) and the strong correlation between ASDAS and patient's GDA (p = 
0.508, P = 0.000). Although, presence of peripheral arthritis (OR: 2.518, 95% CI: 1.053 to 6.025) and higher patient's GDA (OR: 1.173, 95% CI: 1.003 to 1.372) were 
also significant predictors of ASAS20 response at 6 months in the presence of age and gender. 
The variable was not selected during multivariate regression analysis (P >0.05). 

The variable was not tested in multivariate regression analysis because of a P-value > 0.3 in univariate regression analysis and no significant difference 
between men and women at baseline. 



ASDAS score were identified as independent baseline 
predictors of response and/or continuation of anti-TNF- 
a treatment. In contrast, a higher baseline BASDAI 
score was independently associated with treatment dis- 
continuation. Based on these results, it seems clinically 
relevant to include more objective variables in the eva- 
luation of anti-TNF-a treatment. 

Our finding that the majority of AS patients discontin- 
ued TNF-a blocking therapy because of inefficacy is in 
accordance with Glintborg et aL [7], but other registries 
found an almost equal distribution between treatment 
withdrawal due to adverse events and inefficacy [9,23] 
or even a higher discontinuation rate because of adverse 
events [21,22]. These differences may be explained by 
variation in the classification of reasons for stopping 
TNF-a blocking therapy. 

Since previous studies in AS patients treated with eta- 
nercept have reported that no antibodies against 



etanercept could be detected [24,25], antibodies were 
only measured in patients who discontinued infliximab 
and adalimumab due to inefficacy in this study. Antibody 
formation seems to be related to inefficacy of infliximab 
and adalimumab since these antibodies were detected in 
almost two third of patients (13 out of 20) who discontin- 
ued infliximab or adalimumab treatment due to ineffi- 
cacy. This is in line with our previous findings in a 
smaller group of AS patients. In this study, patients with 
antibodies had significantly lower serum TNF-a blocker 
levels compared to patients without antibodies and sig- 
nificant negative correlations between serum levels of 
TNF-a blocking agents and assessments of disease activ- 
ity were found [24]. Based on these results, it seems use- 
ful to determine antibody formation to TNF-a blocking 
agents in non-responsive AS patients. 

In the present study, we did not find significant differ- 
ences in the percentage of ASAS20, ASAS40, or 
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Table 5 Baseline predictors of anti-TNF-a treatment discontinuation 



Univariate analysis Multivariate analysis 

HR (95% CI) P-value HR (95% CI) P-value 
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ESR (mm/h)i:' 




0.987 (0.974 to 0.999) 


0.039 


0.983 (0.969 to 0.997) 


0.018 


CRP (mg/Di:^ 




0.986 (0.972 to 1 .000) 


0.049 






BASF! (range 0 to 10)+ 




1.045 (0.935 to 1.168) 


0.438 






Chest expansion (cm)+^ 




0.986 (0.903 to 1 .076) 


0.753 






Modified Schober test (cm)+ 




1.189 (1.036 to 1.365) 


0.014 






Occiput to wall distance (cm)+^ 




0.971 (0.938 to 1.006) 


0.971 






Lateral lumbar flexion L (cm)=^ 




1.018 (0.973 to 1.066) 


0.434 






Lateral lumbar flexion R (cm)+ 




1.016 (0.971 to 1.062) 


0.498 






TNF-a blocking agent 


ETA 
IPX 


1 

0.847 (0.441 to 1.627) 


0.618 








ADA 


1.334 (0.769 to 2.314) 


0.305 







See Table 1 for definitions. 

HR refers to the risl< of anti-TNF-a treatment discontinuation: t per year; t per 1 grade or 1 point. 
^ Significant difference (P < 0.05) between men and women at baseline. 

^ Significant difference (P < 0.05) between patients with peripheral arthritis (defined as at least one swollen joint) and only axial disease at baseline. 

* CRP was not selected during forward conditional logistic regression due to the strong correlation with ESR (p = 0.669, P = 0.000) and the significant difference 

in CRP level between patients with and without peripheral arthritis (median 17 vs. 12, P = 0.014). Although, lower CRP level (HR: 0.984, 95% CI: 0.969 to 0.999) 

was also a significant predictor of treatment discontinuation in the presence of gender and BASDAI. 

*^ The variable was not selected during multivariate regression analysis (P >0.05). 

The variable was not tested in multivariate regression analysis because of a P-value > 0.3 in univariate regression analysis and no significant difference 
between men and women at baseline. 



BASDAI50 responders at three and six months or in 
one-year and two-year drug survival rates between the 
three TNF-a blocking agents. Furthermore, the type of 
anti-TNF-a treatment (infliximab, etanercept, or adali- 
mumab) was not significantly associated with achieving 
response or discontinuation of treatment. However, 
these findings should be interpreted with caution since 
there were differences in disease duration, the percen- 
tage of patients with extra-articular manifestations, phy- 
sician's GDA, and spinal mobility measures at baseline 
and there was an uneven distribution of patients among 
the different treatment groups. 

Conclusions 

This prospective longitudinal observational cohort study 
identified higher ASDAS score, higher ESR or CRP 
level, presence of peripheral arthritis, younger age, male 
gender, lower modified Schober test, higher patient's 



GDA, and lower BASDAI as independent baseline pre- 
dictors of response and/or continuation of TNF-a 
blocking therapy in AS patients. These findings may 
help clinicians to identify AS patients who are more 
likely to benefit from TNF-a blocking therapy in daily 
clinical practice. 

Abbrevations 

AS: Ankylosing Spondylitis; ASAS: Assessments in 
Ankylosing Spondylitis; ASDAS: Ankylosing Spondylitis 
Disease Activity Score; BASDAI: Bath Ankylosing Spon- 
dylitis Disease Activity Index; BASFI: Bath Ankylosing 
Spondylitis Functional Index; CRP: C-reactive protein; 
ESR: erythrocyte sedimentation rate; GDA: global dis- 
ease activity; HR: hazard ratio; IBD: inflammatory bowel 
disease; MCL: Medical Center Leeuwarden; OR: odds 
ratio; RA: rheumatoid arthritis; RCTs: randomized con- 
trolled trials; RIA: radioimmunoassay; TNF-a: tumor 
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necrosis factor alpha; UMCG: University Medical Center 
Groningen; VAS: visual analogue scale. 

Acknowledgements 

The authors wish to acknowledge Mrs. L. Bulstra, Mrs. A. Krol, Mrs. J. Vierdag- 
Loth, and Mrs. J. Bulthuis-Kuiper for their contribution to clinical data 
collection. The GLAS study was supported by an unrestricted grant from 
Wyeth pharmaceuticals received by EB and AS. Wyeth had no role in the 
design, conduct, interpretation, or publication of this study. 

Author details 

^Rheumatology and Clinical Immunology, University Medical Center 
Groningen, University of Groningen, P.O. Box 30.001, 9700 RB Groningen, 
The Netherlands. ^Laboratory Medicine, University Medical Center Groningen, 
P.O. Box 30.001, 9700 RB Groningen, The Netherlands. ^Epidemiology, 
University Medical Center Groningen, P.O. Box 30.001, 9700 RB Groningen, 
The Netherlands. ^Rheumatology, Medical Center Leeuwarden, P.O. Box 888, 
8901 BR Leeuwarden, The Netherlands. 

Authors' contributions 

SA performed the statistical analysis and interpretation of data and drafted 
the manuscript; EB and AS participated in the design of the study, 
performed the acquisition of data, and critically revised the manuscript. EV 
and HG contributed to the statistical analysis and interpretation of data and 
critically revised the manuscript. ML, PH and TJ contributed to the 
acquisition of clinical data and critically revised the manuscript. CK 
participated in the design of the study and critically revised the manuscript. 
All authors read and approved the final manuscript. 

Competing interests 

EB has received unrestricted research grants from Abbott, Schering-Plough, 
and Wyeth. AS has received unrestricted research grants from Abbott and 
Wyeth. The other authors declare that they have no competing interests. 

Received: 13 December 2010 Revised: 28 April 2011 
Accepted: 20 June 201 1 Published: 20 June 201 1 

References 

1. Braun J, Deodhar A, Dijkmans B, Geusens P, Sieper J, Williamson P, Xu W, 
Visvanathan S, Baker D, Goldstein N, van der Heijde D: Efficacy and safety 
of infliximab in patients with ankylosing spondylitis over a two-year 
period. Arthritis Rheum 2008, 59:1270-1278. 

2. Dijkmans B, Emery P, Hakala M, Leirisalo-Repo M, Mola EM, Paolozzi L, 
Salvarani C, Sanmarti R, Sibilia J, Sieper J, Van den Bosch F, van der 
Heijde D, van der Linden S, Wajdula J: Etanercept in the longterm 
treatment of patients with ankylosing spondylitis. J Rheumotoi 2009, 
36:1256-1264. 

3. van der Heijde D, Schiff MH, Sieper J, Kivitz AJ, Wong RL, Kupper H, 
Dijkmans BA, Mease PJ, Davis JC Jr: Adalimumab effectiveness for the 
treatment of ankylosing spondylitis is maintained for up to 2 years: 
long-term results from the ATLAS trial. Ann Rheum Dis 2009, 68:922-929. 

4. Davis JC Jr, Van der Heijde DM, Dougados M, Braun J, Cush JJ, Clegg DO, 
Inman RD, de Vries T, Tsuji W: Baseline factors that influence ASAS 20 
response in patients with ankylosing spondylitis treated with etanercept. 
J Rheumatol 2005, 32:1751-1754. 

5. Rudwaleit M, Listing J, Brandt J, Braun J, Sieper J: Prediction of a major 
clinical response (BASDAI 50) to tumour necrosis factor alpha blockers 
in ankylosing spondylitis. Ann Rheum Dis 2004, 63:665-670. 

6. Rudwaleit M, Claudepierre P, Wordsworth P, Cortina EL, Sieper J, Kron M, 
Carcereri-De-Prati R, Kupper H, Kary S: Effectiveness, safety, and predictors 
of good clinical response in 1250 patients treated with adalimumab for 
active ankylosing spondylitis. J Rheumotoi 2009, 36:801-808. 

7. Glintborg B, Ostergaard M, Krogh NS, Dreyer L, Kristensen HL, Hetland ML: 
Predictors of treatment response and drug continuation in 842 patients 
with ankylosing spondylitis treated with anti-tumour necrosis factor: 
results from 8 years' surveillance in the Danish nationwide DANBIO 
registry. Ann Rheum Dis 2010, 69:2002-2008. 

8. Lord PA, Farragher TM, Lunt M, Watson KD, Symmons DP, Hyrich KL: 
Predictors of response to anti-TNF therapy in ankylosing spondylitis: 



results from the British Society for Rheumatology Biologies Register. 

Rheumatology (Oxford) 2010, 49:563-570. 

9. Kristensen LE, Karlsson JA, Englund M, Petersson IF, Saxne T, Geborek P: 
Presence of peripheral arthritis and male sex predicting continuation of 
anti-tumor necrosis factor therapy in ankylosing spondylitis: an 
observational prospective cohort study from the South Swedish Arthritis 
Treatment Group Register. Arthritis Care Res 2010, 62:1362-1369. 

10. Lukas C, Landewe R, Sieper J, Dougados M, Davis J, Braun J, van der 
Linden S, van der Heijde D: Development of an ASAS-endorsed disease 
activity score (ASDAS) in patients with ankylosing spondylitis. Ann 
Rheum Dis 2009, 68:18-24. 

11. van der Heijde D, Lie E, Kvien TK, Sieper J, Van den Bosch F, Listing J, 
Braun J, Landewe R: The ASDAS is a highly discriminatory ASAS-endorsed 
disease activity score in patients with ankylosing spondylitis. Ann Rheum 
Dis 2008, 68:1811-1818. 

12. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, 
Dougados M, Hermann KG, Landewe R, Maksymowych W, van der 
Heijde D: The Assessment of SpondyloArthritis international Society 
(ASAS) handbook: a guide to assess spondylarthritis. Ann Rheum Dis 
2009, 68(Suppl 2):l-44. 

13. Braun J, Davis J, Dougados M, Sieper J, van der Linden S, van der Heijde D: 
First update of the international ASAS consensus statement for the use 
of anti-TNF agents in patients with ankylosing spondylitis. Ann Rheum 
Dis 2006, 65:316-320. 

14. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A: A new 
approach to defining disease status in ankylosing spondylitis: the Bath 
Ankylosing Spondylitis Disease Activity Index. J Rheumatol 1994, 
21:2286-2291. 

15. Calin A, Garrett S, Whitelock H, Kennedy LG, O'Hea J, Mallorie P, 
Jenkinson T: A new approach to defining functional ability in ankylosing 
spondylitis: the development of the Bath Ankylosing Spondylitis 
Functional Index. J Rheumatol 1994, 21:2281-2285. 

16. Anderson JJ, Baron G, van der Heijde D, Felson DT, Dougados M: 
Ankylosing spondylitis assessment group preliminary definition of short- 
term improvement in ankylosing spondylitis. Arthritis Rheum 2001, 
44:1876-1886. 

17. Bartelds GM, Wijbrandts CA, Nurmohamed MT Stapel S, Lems WF, 
Aarden L, Dijkmans BA, Tak PP, Wolbink GJ: Clinical response to 
adalimumab: relationship to anti-adalimumab antibodies and serum 
adalimumab concentrations in rheumatoid arthritis. Ann Rheum Dis 2007, 
66:921-926. 

18. Wolbink GJ, Vis M, Lems W, Voskuyl AE, de Groot E, Nurmohamed MT 
Stapel S, Tak PP, Aarden L, Dijkmans B: Development of antiinfliximab 
antibodies and relationship to clinical response in patients with 
rheumatoid arthritis. Arthritis Rheum 2006, 54:71 1-715. 

19. Atzeni F, Antivalle M, Pallavicini FB, Caporali R, Bazzani C, Goria R, Favalli EG, 
Marchesoni A, Sarzi-Puttini P: Predicting response to anti-TNF treatment 
in rheumatoid arthritis patients. Autoimmun Rev 2009, 8:431-437. 

20. Hyrich KL, Watson KD, Silman AJ, Symmons DP: Predictors of response to 
anti-TNF-alpha therapy among patients with rheumatoid arthritis: results 
from the British Society for Rheumatology Biologies Register. 
Rheumatology (Oxford) 2006, 45:1558-1565. 

21. Carmona L, Gomez-Reino JJ: Survival of TNF antagonists in 
spondylarthritis is better than in rheumatoid arthritis. Data from the 
Spanish registry BIOBADASER. Arthritis Res Ther 2006, 8:R72. 

22. Heiberg MS, Koldingsnes W, Mikkelsen K, Rodevand E, Kaufmann C, 
Mowinckel P, Kvien TK: The comparative one-year performance of anti- 
tumor necrosis factor alpha drugs in patients with rheumatoid 
arthritis, psoriatic arthritis, and ankylosing spondylitis: results from a 
longitudinal, observational, multicenter study. Arthritis Rheum 2008, 
59:234-240. 

23. Konttinen L, Tuompo R, Uusitalo T, Luosujarvi R, Laiho K, Lahteenmaki J, 
Puurtinen-Vilkki M, Lanteri R, Kortelainen S, Karilainen H, Varjolahti- 
Lehtinen T, Nordstrom D: Anti-TNF therapy in the treatment of 
ankylosing spondylitis: the Finnish experience. Clin Rheumatol 2007, 
26:1693-1700. 

24. Arends S, Lebbink HR, Spoorenberg A, Bungener LB, Roozendaal C, van der 
Veer E, Houtman PM, Griep EN, Limburg PC, Kallenberg CG, Wolbink GJ, 
Brouwer E: The formation of autoantibodies and antibodies to TNF-alpha 
blocking agents in relation to clinical response in patients with 
ankylosing spondylitis. Clin Exp Rheumatol 2010, 28:661-668. 



Arends et al. Arthritis Research & Therapy 201 1, 13:R94 
http://arthritis-research.eom/content/13/3/R94 



Page 1 0 of 1 0 



25. de Vries MK, van der Horst-Bruinsma IE, Nurmohamed MT, Aarden LA, 
Stapel SO, Peters MJ, van Denderen JC, Dijkmans BA, Wolbink GJ: 
Immunogenicity does not influence treatment with etanercept in 
patients with anl<ylosing spondylitis. Ann Rheum Dis 2009, 68:531-535. 



doi:10.1186/ar3369 

Cite this article as: Arends et al:. Baseline predictors of response and 
discontinuation of tumor necrosis factor-alpha blocking therapy in 
ankylosing spondylitis: a prospective longitudinal observational cohort 
study. Arthritis Research & Therapy 201 1 1 3:R94. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 

Submit your manuscript at ou%nn^ fpntral 

www.biomedcentral.com/submit momea L.enirai 



